We present optical IFU observations of the Taffy system (UGC 12914/15); so named because of the radio emission that stretches between the two galaxies. Given that these gas rich galaxies are believed to have recently collided head-on, the pair exhibits a surprisingly normal total (sub-LIRG) IR luminosity (L FIR ∼ 4.5 × 10 10 L ). Previous observations have demonstrated that a large quantity of molecular and neutral gas have been drawn out of the galaxies into a massive multi-phase bridge, consistent with numerical models of the near face-on, counter-rotating collision. We present, for the first time, spatially resolved spectroscopy of the ionized gas in the system. The results show that the ionized gas is highly disturbed kinematically, with gas spread in two main filaments between the two galaxies. The line profiles exhibit widespread double components found in both the bridge and parts of the disks of the galaxies. Deep Balmer absorption (perhaps a post-starburst relic of the collision) is also seen in the outer ring of UGC 12914, and over part of the main disk of UGC 12915. We have investigated the spatial distribution of the excitation properties of the ionized gas using emissionline diagnostic diagrams, and conclude that large quantities (up to 40%) of the emission from the entire system is consistent with gas heated in ∼200 km s −1 shocks. While the shocked gas is mainly associated with regions in the bridge, there is a significant amount of shocked gas associated with both galaxies. The results confirm other multi-wavelength indicators that suggest that the effects of shocks and turbulence can continue to be felt in a high-speed galaxy collision long after the collision has occurred. The persistence of shocks in the Taffy system may explain the relatively low current star formation rates in the system as a whole.
INTRODUCTION
Galaxy collisions and interactions play an important role in the local universe in driving powerful star formation activity in galaxies, generating strong infrared emission (Joseph & Wright 1985; Soifer & Neugebauer 1991) . Ultra Luminous Infrared Galaxies, ULIRGs (L IR > 10 12 L ) and LIRGS (10 12 > L IR /L > 10 11 ) frequently involve mergers or interactions of gas-rich galaxy pairs, with the likelihood of them being associated with a major merger increasing with infrared (IR) luminos-ity (Armus et al. 1987; Sanders et al. 1988a,b; Sanders & Mirabel 1996; Elbaz et al. 2002; Armus et al. 2009 ). While it is clear that major mergers play an important role in generating high IR luminosities in the local universe, their role at higher redshift is still being explored.
Shocks and turbulence potentially play a role in changing the conditions of the gas in collisional galaxies, not always leading to enhancements in star formation. In the local Hickson Compact Groups, Alatalo et al. (2015) found evidence that multiple collisions can quench or significantly suppress star formation in some systems where turbulence and shocks are present (see also Lisenfeld et al. 2017 ). These galaxies had previously been found to contain large volumes of warm molecular hydrogen that emit their energy mainly in the mid-IR, and were believed to be shock-heated (Cluver et al. 2013 ). An extreme example is found in the Stephan's Quintet system. Here, a large filament of molecular gas is found in the intergalactic medium in which a large fraction of the gas is warm and in a shock-heated phase (Appleton et al. 2006; Guillard et al. 2009; Cluver et al. 2010; Appleton et al. 2017) . Shocks, though hard to detect in LIRGs and ULIRGs because of the dominant effects of star formation on optical emission-line diagnostics, are being increasingly detected with the advent of spatially resolved optical integral field unit (IFU) spectroscopy (Rich et al. 2011 (Rich et al. , 2014 (Rich et al. , 2015 . How large-scale shocks and turbulence affect the star formation in such galaxies, and how important this process is in higher-redshift systems is currently unknown.
An interesting example of an ongoing major merger that may be caught in a highly disturbed state is the Taffy galaxy pair UGC 12915/4 (hereafter Taffy-N and Taffy-S for simplicity). Despite having recently undergone a strong head-on collision, the Taffy system appears surprisingly normal in its IR properties, with a total L IR = 4.5 × 10 10 L summed over the whole system based on multi-wavelength Spitzer and Herschel SED photometric fitting Appleton et al. (2015) ; (see also Jarrett et al. 1999; Sanders et al. 2003) . The reason that the system is so normal in the IR, despite its recent violent history, is not known. It may be that we are catching the Taffy system in a peculiar moment where most of its gas is so disturbed that it cannot yet generate significant star formation. If so, studying the conditions of the gas in between the galaxies (referred to as the bridge) may well yield interesting insight into how shocks and turbulence can inhibit star formation in violently colliding galaxies.
The Taffy galaxies were named for the discovery of a bridge of radio continuum emission, stretching, like saltwater taffy (candy), between the galaxies (Condon et al. 1993) . Evidence suggests that the two galaxies collided 25-30 Myr ago, allowing their stellar components to pass through each other, but stripping ∼ 7 x 10 9 M of molecular and atomic gas into a bridge between them (Braine et al. 2003; Gao et al. 2003; Zhu et al. 2007 ). There is more gas in the bridge than in the two galaxies combined.
The bridge appears to be strongly disturbed (and probably turbulent), based on kinematically-broad CO line studies of the bridge, and strong mid-IR H 2 emission and [CII]157.7µm lines suggestive of shocks (Peterson et al. 2012 (Peterson et al. , 2018 . Despite its high gas mass, the average star formation rate (SFR) in the entire bridge through SED fitting is quite low, ∼0.45 M yr −1 , excluding the prominent extragalactic HII region seen south-west of UGC 12915, which was separately found to have a SFR of 0.24 M yr −1 . Numerical models of such a head-on collision between two gas rich galaxies (e.g., Struck 1997 ) and a detailed model of the Taffy system (Vollmer et al. 2012) provide strong support for the idea that the gas left behind in the center of mass frame of the collision would be highly turbulent, and that some would be strongly shock heated. Appleton et al. (2015) detected faint extended soft X-ray emission, and several compact point X-ray sources in the bridge, the former being consistent with shock-heated gas that has not had time to completely cool since the collision occurred. Finally, Lisenfeld & Völk (2010) concluded that the radio emission in the bridge could be explained in terms of cosmic rays accelerated in magnetic fields compressed in shocks.
Although the Taffy galaxies have been studied quite extensively at longer wavelengths (Condon et al. 1993; Jarrett et al. 1999) , very little work has been done at visible or near-IR wavelengths. Bushouse (1987) presented early digital video camera observations which showed Hα emission from the inner disks of both galaxies and emission from the extragalactic HII regions in the bridge. Paα observations from the ground were also made by Komugi et al. (2012) . The galaxies show strong disturbances in their optical structure, including rings and loops, and the possible recent onset of star formation in the bridge, including at least one prominent extragalactic HII region, and fainter clusters-some of which are seen in archival NIC-MOS observations from HST (Appleton et al. in preparation) .
This paper represents the first major study of the ionized gas phase in the Taffy system and bridge. We provide, for the first time, a detailed exploration of both the kinematics and excitation properties of the optical emission line gas in the Taffy system. The paper is organized as follows: §2 describes the observations and methods used in the paper. We describe the fitting process used on the double line profiles and the gas kinematics through Hα channel maps and velocity field moment maps in §3.1 and §4, respectively. The effects of dust extinction on the measured line fluxes are discussed in §3.2. We describe the results from our line diagnostic diagrams in §5. In §6, we discuss our results on the properties of the ionized gas and its excitation mechanisms through the use of emission-line ratio diagnostic diagrams and comparison with shock models. In §6 and §6.1 we discuss our estimates of the ionized gas fraction from star formation and the SFR in the system. We discuss the evidence for a post-starburst population in the underlying starlight in §6.3. In §7 we present our conclusions. We assume a comoving distance to the galaxies of 62 Mpc based on a mean heliocentric velocity for the system of 4350 km s −1 , and a Hubble constant of 70 km s −1 Mpc −1 .
OBSERVATIONS, DATA REDUCTION, AND ANALYSIS

METHODS
The IFU data presented in this work were obtained with the VIRUS-P Spectrograph at McDonald Observatory (Hill et al. 2008; Blanc et al. 2010) . VIRUS-P is the Visible Integral-field Replicable Unit Spectrograph prototype (now called the George and Cynthia Mitchell Spectrograph, GCMS) mounted on the 2.7 m Harlan J. Smith telescope. The IFU has 246 fibers (each fiber has an angular diameter of 4. 16 on the sky) with a 1 3 filling factor. We used several cycles of a 3-point dither pattern to completely cover the 2.8 sq. arcminute field of view. We used the gratings VP2 and VP4 for our blue and red channel spectra respectively. VP2 and VP4 have a spectral resolution of 1.6 and 1.5Å and covered a range of 4700-5350Å and 6200-6850Å, respectively. This spectral resolution corresponds to a velocity resolution of ∼100 km s −1 and ∼70 km s −1 at the wavelengths of Hβ in VP2 and Hα in VP4, respectively.
We made observations of the Taffy galaxies on 2012 Jan 31 and Feb 2 (blue spectrometer) and 2012 Feb 01 (red spectrometer) with a total exposure time per dither position of 2200s (blue) and 1200s (red). Conditions were photometrically good at the time of the observations with moderate seeing of 1.8-2.5 arcseconds (less than the diameter of a fiber).
These data were processed using the VACCINE pipeline which identified and traced each fiber on the CCD chip, and performed bias, flat-field and wavelength calibration (based on lamp spectra) on a fiber-by-fiber basis for the science frames. VACCINE is a Fortranbased reduction package developed for the HETDEX Pilot Survey (Adams et al. 2011 ) and the VENGA project (Blanc et al. 2010) . Cosmic-ray removal was then performed using the IDL routine LA-Cosmic (van-Dokkum 2001).
Flux Calibration and Cube Building
The flux calibration and pointing refinements and final cube construction of these data was performed in three steps following the methods described by Blanc et al. (2013) : i) Relative spectrophotometric calibration was performed which is applied to all the fibers. Observations were made in a 6-point dither pattern (including several fibers) of the standard star Hz 15 (HIP 21776). An algorithm was used to solve for the position of the star on the fibers and determine the spectrophotometric transformation from native (ADU) units across the spectrum to units of erg s −1 cm −2Å−1 . The results were applied to all the fibers irrespective of throughput. This step resulted in a relative flux uncertainty across the band of ∼8%; ii) astrometry and absolute flux calibration, using a bootstrapping method, was used to effectively crosscorrelate a reconstructed image of the galaxy derived by integrating the light from each fiber, with a calibrated images of Taffy from the SDSS (York et al. 2000) in the g-and r-band, suitably convolved to the resolution of the VIRUS-P fiber system. This helped refine the astrometry, and the assembly of the final cube from the individual observations of each field. The cross-correlation also allowed the spectrum in each fiber to be absolutely scaled to the SDSS band in question. The details of this procedure are given in Blanc et al. (2013) . Tests performed in that paper show that the absolute spectrophotometric flux calibration has a typical accuracy of 15-30%, after taking into account the uncertainties in SDSS calibration and the VIRUS-P relative spectrophotometric accuracy; iii) a final flux-calibrated 3-d spectral cube was created by combining all the various observational pointing frames into a single interpolated cube with resulting 2 x 2 arcsec 2 spaxels (∼0.3 kpc arcsec −1 based on the assumed distance of 62 Mpc). These processes were repeated for the red and blue channels, creating final flux-calibrated blue and red spectral cubes.
2.2. Spectral Mapping, continuum and emission-line fitting The processing and extraction of astrophysical information from the data cubes was done using a combination of IRAF/PyRAF, IDL and Python routines. Before beginning our analysis we smoothed the data cubes spatially, but not in the spectral direction, using a Gaussian kernel with a standard deviation of 1.47 pixels. This was done to boost the signal-to-noise ratio in areas that we were interested in; particularly the Taffy bridge region which has relatively low signal-to-noise compared to the galaxies. This spatial smoothing effectively reduces the noise in spectra from individual spaxels by a factor of ∼2. We used these spatially smoothed cubes for all of the analysis done in this work.
For fitting each individual spaxel in the IFU data we used the IDL software toolkit LZIFU (LaZy-IFU) (Ho et al. 2016) . LZIFU automates fitting multiple emission lines superimposed on a continuum for multiple spaxels in each channel and provides 2D maps of continuum and line fluxes, velocities and velocity dispersion. It is capable of fitting emission lines that are superimposed on deep absorption features and also emission lines with multiple velocity components. Figures 1 and 2 show our fitting results for two individual spaxels that show these features in their spectra. Figure 1 shows a spaxel that has strong Hβ absorption and Hβ emission superimposed on the absorption trough. This spaxel lies very close to the center of Taffy-N. This absorption must be accounted for with the continuum fitting to get accurate emission line fluxes as well as an accurate line profile. The emission lines also show evidence for double line profiles in many positions across the system. As an example, Figure  2 shows a spaxel which lies close to the edge of the extragalactic HII region which clearly shows two separate velocity components.
LZIFU works by first fitting the continuum with a custom implementation of the PPXF code (Capellari & Emsellem 2004) within LZIFU and then fitting the emission lines after subtracting the continuum model. The continuum fitting uses a set of model templates that are fit to a combined blue+red channel spectrum. LZIFU also accounts for systematic errors in the models and non-stellar contributions to the continuum data by fitting a multiplicative polynomial simultaneously with the continuum models. The emission lines along with residuals from sky line subtraction are masked during the continuum fitting process. We also specified the following lines to be fit (and masked during continuum fitting) -Hβ, the [OIII] Figure 3 ) are tabulated in Table 1 .
We ran LZIFU on the entire IFU data cube for the Taffy galaxies which is 58 × 58 and 59 × 59 spaxels with 2227 and 2350 spectral elements for the blue and red channels respectively. The process of fitting the full cube was not straightforward for several reasons relating to the peculiar kinematics of the Taffy system. The LZIFU software was designed to work best with a galaxy showing slowly-varying velocity centroids relatively close to the initial guess for the velocity of the system. In the Taffy system, the velocity range of the emission lines over the whole system was large, with the emission lines sometimes exhibiting complex behavior, in addition to occasionally being observed superimposed on deep Balmer absorption lines. Furthermore, in a large number of spaxels, we found multiple velocity components which did not always move together as a function of position. As a result, a single set of initial guesses for the various starting parameters did not work for the whole cube, but had to be adjusted spatially to achieve good fits, especially in specific regions showing double line profiles. After an iterative process of fitting with different starting parameters tuned to particular regions, we were able to get a consistent set of smoothly varying results across the whole system. We provide the most relevant LZIFU parameters and their starting guesses in Table 2. 3. RESULTS 3.1. Emission-line gas and Hβ Absorption within the System Previous observations of the Taffy system in the visible wavelength range had reported the detection of ionized gas within the galaxies and the extragalactic HII region (Bushouse 1986 (Bushouse , 1987 . Because of the sensitivity of the VIRUS-P instrument to very faint diffuse emission, we report the presence of ionized gas throughout the Taffy system -both within the galaxies, the socalled extragalactic HII region, and also in the bridge between the galaxies. We detect emission from many lines, including Hα, Hβ, the [OIII]λλ4959,5007 doublet, the [NII]λλ6548,6583 doublet, and the [SII]λλ6716,6731 doublet lines (see Figures 1 and 2 ). We also detect strong emission from the atomic oxygen line [OI]λ6300 and sometimes the weaker [OI]λ6364 line in the galaxies and the extragalactic HII region in the bridge. Although emission lines dominate in many of the locations across the system, in some cases Hβ emission is observed superimposed on a broad absorption trough indicative of a post-starburst population (as seen in Figure 1 ).
In Figure 3 we present some extracted spectra in several places in the system to provide an overview of the complexity of the kinematics in this system. The spectra show expanded views of the [OIII]λ5007 and Hα lines along the major axis of both galaxies and a sampling of the bridge. Many of the line profiles are complex, and contain multiple components. Of special note are the broad lines in the bridge (especially B1 and B2) as well as complex multi-component structures in the north-west of both galaxies (N4, N5, S4 and S5). The nucleus of Taffy-S (S2) also shows very broad strong [OIII] emission, and weaker broad wings in Hα (especially when a correction is made for Hα absorption-see §4.2). We also show polygons marking additional regions of interest on the SDSS image in Figure 3 . These polygons show regions which are investigated in the emission-line diagnostic diagrams in §5. In the emission-line diagnostic diagrams, we investigate the excitation mechanisms for the western regions of Taffy-N and the bridge separately because these regions exhibit peculiar kinematics distinct from the rest of Taffy-N and the bridge (see the detailed discussion in §4.1 and §4.2). Figure 4a shows total Hα emission contours overlaid on a SDSS i-band image. The two galaxies and the area near the extragalactic HII region can clearly be distinguished as regions with the brightest Hα emission, with extended emission spread between the galaxies. For Taffy-S, the brightest Hα lies on either side of the nucleus with fainter emission from the direction of the nucleus. It is noticeable that there is no obvious ionized gas associated with the faint southern part of the outer ring in Taffy-S, although there may be some associated with the northern part of the ring between the galaxies. Taffy-N has a very different distribution of ionized gas, with a strong concentration in the inner disk, and fainter emission extending along the north-west major axis where it appears to join with bridge material. Figure 4b shows a map of the equivalent width of the Hβ absorption across the system. In contrast to the lack of emission lines in the southern ring of Taffy-S, strong stellar absorption is seen there, along the extreme north-westerly edge of the galaxy, and in an extended region north-east of the faint stellar ring. In Taffy-N the strongest absorption is seen at the south-eastern end of the major axis in the region outside the main body of Hα emission, although it extends at lower equivalent width as far as the center of the galaxy. We will discuss the implications of this Hβ absorption in §6.3.
Dust extinction from the Balmer decrement
We estimate the extinction caused by dust by examining the line ratio of the Balmer lines, Hα and Hβ, referred to as the Balmer decrement, and assume Case B recombination. The color excess E(B − V) is given by, E(B − V) = 1.97 log 10 (Hα/Hβ) obs 2.86 .
The extinction at wavelength λ is related to the color excess by,
We assume a reddening curve k(λ) of the form given by Calzetti et al. (2000) . Adopting the same method for all the observed lines allows us to correct, spaxel by spaxel, the observed line fluxes for dust extinction to arrive at intrinsic line fluxes.
A map of the dust extinction at visual wavelengths, A V , derived from the Balmer decrement is shown in Figure 5 and superimposed on the map are CO (1-0) Fig. 3 .-Some examples of integrated VIRUS-P spectra from the Taffy system expanded to emphasize the kinematics. The galaxies UGC 12915/4 referred to as Taffy-N and Taffy-S respectively for clarity in the text are shown in this SDSS i-band image. Spectra are shown extracted from the regions of the black and white colored circles. The blue and red spectra correspond to the [OIII]5007 and Hα lines. The flux axis is in units of 10 −18 erg s −1 cm −2Å−1 . The polygon regions refer to the regions that are color coded, using the same colors, in the later discussion of the emission-line diagnostic diagrams (with the exception of the western part of Taffy-N which is shown as green pluses in the line diagnostic diagrams). We denote Taffy-N, the western part of Taffy-N, Taffy-S, the eastern bridge, and the western bridge by green, magenta, blue, red, and orange colored polygons respectively. The nucleus of Taffy-S is also denoted by a small blue polygon. Our justification for selecting these regions is discussed in the text. The region shown here as B1 is centered on a faint extragalactic HII region discussed in the text. The gray dashed line denotes the systemic recessional velocity for the Taffy pair at 4350 km/s. Taffy-N 2.29 3.2 ± 0.23 1.98 ± 0.2 0.59 ± 0.16 9.12 ± 0.16 4.34 ± 0.14 2.24 ± 0.14 1.35 ± 0.16 Taffy-S 0.94 1.67 ± 0.13 0.67 ± 0.11 0.39 ± 0.11 4.78 ± 0.11 2.70 ± 0.1 1.38 ± 0.1 1.18 ± 0.12 Bridge 1.89 1.42 ± 0.19 1.48 ± 0.16 0.55 ± 0.14 4.05 ± 0.13 1.89 ± 0.11 1.25 ± 0.11 0.81 ± 0.13 a Fluxes quoted here are from the combined Taffy-N and bridge regions i.e., including the western parts defined in Figure 3 .
contours from Gao et al. (2003) using data from the Berkeley-Illinois-Maryland-Association (BIMA) interferometer. It can be seen that the dust extinction map follows reasonably well the CO (1-0) surface density map, with a peak at the center of Taffy-N (as expected since the H 2 surface density is very high there). A high value of extinction is also seen at the southern tip of Taffy-S. This extends beyond the CO column density contours, but we note that the VLA maps of HI in this region by Condon et al. (1993) show a peak column density there Interestingly, we observe a low value of A V at the center of the Taffy-S, and along the northern edge of the spiral arm of that galaxy. The latter result is consistent with a low H 2 column there, although the low A V in the nucleus may imply different conditions in the gas excitation (deviations from the assumed Case B recombinationperhaps due to a low-luminosity AGN) or a significantly reduced dust to gas ratio there.
THE KINEMATICS OF THE TAFFY SYSTEM
As Figure 3 has shown, the spectra are quite complex in the system, and so we present the kinematic results in two ways. Firstly, we present the channel maps of one of the lines (in this case Hα) to provide a large-scale view of the gas distribution as a function of radial velocity channel. Secondly, we explore the spatial distribution of the gas associated with different kinematic components, especially those associated with multiple lines. Figure 6 shows the Hα emission channel maps integrated over channels of width 35 km s −1 . It is well known that the two galaxies are counter-rotating (e.g. Vollmer et al. 2012) , and the brightest ionized gas in the two systems reflects this. Ionized gas in Taffy-S is seen in the lowest velocity channel (3911-3946 km s −1 ) in the north-west on the inside edge of the faint stellar ring, and progresses in a south-easterly direction with increasing velocity eventually showing a major component of emission in the south-east disk which fades away around 4730 km s −1 . Taffy-S also has some peculiar kinematics. For example, in the NW part of the disk, faint gas emission is seen over a wide range of velocities along the northern major axis even at the highest velocities. This would not be expected for gas in normal rotation. Taffy-N is even more peculiar. The main centroid of emission from the south-east disk appears at around 4051-4086 km s −1 and progresses steadily towards the north-west, showing the counter-rotation. In addition, there is a peculiar region of emission which appears at even lower velocities on the north-west extreme tip of Taffy-N, and cannot be part of the normal rotation of the galaxy. Indeed, that structure appears to be part of the bridge, since as velocities increase it becomes more extended and eventually connects to the north-western region of Taffy-S. In addition to this bridge feature, a second bridge component starts to appear between the galaxies at velocities of 4000 km s −1 , and at higher radial velocities it becomes quite strong in the region of the extragalactic HII region. The emission bridges the two galaxies where it joins with emission that potentially is associated with the faint stellar ring in the north-eastern part of Taffy-S. The connection between the galaxies disappears at velocities in excess of 4610 km s −1 . The faint stellar ring in the northern half of Taffy-S exhibits some peculiar emission. Features that can be associated with this ring can be seen most clearly appearing from velocities around 4000 km s −1 . Moving to higher velocities shows several clumps that appear to follow the ring from NW to SE. These clumps also appear to be surrounded by emission that blends with the emission from the bridge. These features hint that this ring was strongly influenced by the collision and shows a discernible transition from material that is clearly associated with Taffy-S to material clearly associated with the bridge. A similar argument could also apply to Taffy-N although such a transition is much harder to observe in Taffy-N which is highly inclined. It is clear that the velocity structure of the gas in both galaxies and the bridge is very complex, and so we will now explore the gas in terms of its spectral profiles-which allows us to more easily separate normal regular rotation in the galaxies from peculiar motions.
Hα Channel Maps
Mapping Two-component Line Profiles in the
System As we have shown previously, there are regions in the full data cube where the emission-line spectra show more than one component. Similar, double line-profiles were noticed in both the HI (Condon et al. 1993 ) spectra, and in spectra taken in the far-IR [C II] and [O I] lines with Herschel (Peterson et al. 2018) . Some regions of the bridge also show two components in the CO 1-0 molecular gas observations of Gao et al. (2003) . Our observations (consistent with those of Gao et al. 2003; Peterson et al. 2018) show that the double-line profiles in the ionized gas are not just confined to the bridge, but are also seen projected against parts of the galaxy disks, especially Taffy-N.
To explore the kinematics further, we performed line fitting in two distinct passes. Firstly we ran LZIFU, forcing it to fit only one component across the whole system. This worked well in regions where the lines were singlevalued, but produced poor results in regions where the lines were double-profiled. The output from LZIFU at this stage was a model data cube built from the model fits, as well as the best fitting continuum cube. Also included were additional data products, including integrated line maps for each of the lines fitted.
Secondly, we ran LZIFU again, but this time we required it to fit two components for everything. In this case, the fitting worked well for the case of two components, but we found that it performed poorly in places where the profiles were singular. In this mode, since the software was fitting two separate line profiles, the output included two sets of data products (model line cubes, integrated line and velocity field maps), one set for each component-a low and high-velocity component.
We were were able to interrogate the model results to determine, spaxel by spaxel, the mean, standard deviation, and amplitudes for each of the single and two component fits. This allowed us to divide the results into three classes of kinematic behavior:
1. Spectra consistent with a single Gaussian component, V s 2. Spectra consistent with two components, V 1 and V 2 , at different velocities (V 1 represents the lowest velocity component, and V 2 the highest).
3. Spectra consistent with two components with nearly the same mean velocity, but exhibiting both a narrow V 1n and broad V 2b component.
To qualify as two components, the two Gaussian line centers, V 1 and V 2 , were required to differ by at least 35 km s −1 , or one-half of the velocity resolution at Hα wavelengths. In practice, the lines were generally further apart than this and clearly separated. Similarly, for a second component to be considered broad, V 2b must have a FWHM of at least 1.5× that of V 1n . In a few cases, the LZIFU modeling failed to fit two components to cases where a single line profile would have been more appropriate. In these small number of cases, we inspected the profiles by eye to perform what we considered to be the most reasonable classification.
In general where there was doubt about the classification, we inspected the profiles by eye to confirm the classification. Overall the separation between single and two-components seemed reasonable, although we realize that there may be some areas where the distinction is somewhat subjective. Less subjective methods of deciding whether to fit single or multiple components to optical IFU data have been explored by Hampton et al. (2017) using Artificial Neural Networks. These methods, which currently rely of training sets using "expert" astronomer guidance, are encouraging for the future, especially since such methods can classify velocity profiles faster than a human, and with statistically similar outcomes. As IFU data becomes more common, and as the amount of data increases with time, such methods may eventually be needed to replace human classifications. In our paper, in most cases, the classification of a two-component versus single Gaussian component was relatively unambiguous.
In order to explore the relationship between the regions of emission where a single component is most appropriate compared with a region with two components, we have created composite moment maps (intensity, mean velocity and velocity dispersion) by combining those positions consistent with a single profile V s with those consistent with one or other of the double profile cases. The reason we combined the single component data with the two velocity components separately, was to look for continuity between the single component gas and one or other of the double-lines. For example, if the single component data mapped smoothly into velocity field of one of the two double components, this might suggest they are really part of one single dynamical system, whereas a sudden discontinuity would suggest no such regularity.
These "merged" single and double profile moment maps are shown in Figure 7. Figures 7 a,b and c represent Given that the kinematics are quite complex, we start by identifying those regions which may show regular galactic rotation. The simplest kinematics to understand are those of Taffy-S in the low-velocity component of Figure 7b . Here, the increasing iso-velocity contours, going from yellow to dark blue progress regularly in the double-line region, merging smoothly with the V 1n (green underlying color) and single-component V s (red underlying color) contours. The velocity dispersion in the lowvelocity component in Taffy-S is also low across most of its disk. Concentrating only on the low-velocity component for Taffy-S, it is clear that the velocities and dispersions shown in Figures 7b and c look like a somewhat-warped, but regular rotating disk. In contrast, Taffy-S is much more peculiar in the high-velocity component of Figures  7e and f , where the galaxy shows only a small amount of obvious rotation, as well as exhibiting a high velocity dispersion in a large part of the disk. It also has a band of spectra classified as broad-line (Class-3 type; green underlying color) in the nuclear regions.
We now turn our attention to Taffy-N which has more complex kinematics. This galaxy is quite edge-on and may be expected to show regular rotation along its major axis. Evidence of rotation is seen in the high velocity component of Taffy-N in the southern part of the disk centered on the dense dust lane and nucleus. Figure  7e , shows a clear rotation signature where the velocities (starting with the pale blue contours in the southeast) increase along the major axis (dark-blue contours in the north-west of the inner disk). Although this apparent regular rotation in the high velocity component is confined to the inner parts of the Taffy-N disk, the increasing trend in velocity shows a reversal towards the north-western extended disk. This might be interpreted as a turn-over in the rotation curve there.
Next we consider those parts of the velocity field that cannot be considered normal, and are most likely caused by the strongly collisional nature of the Taffy pair. We have already pointed out in the discussion of the channel maps that the north-western part of Taffy-N has a peculiar low-velocity structure which is not part of the normal rotation. This can be seen in Figure 7b (low velocity component) where much of the NW disk of Taffy-N shows very little rotation, and also shows high velocity dispersion (Figure 7c ). Here we see that the gas extends as a finger towards the south-west, where it forms a western bridge with Taffy-S. A second eastern bridge structure, is seen associated with the extragalactic HII region, which is strongest in the high-velocity component. The two structures are graphically emphasized in Figure  8 . Much of the gas between the two galaxies is seen in the eastern high-velocity bridge component, and shows a velocity gradient which extends between the two galaxies along direction of the radio-continuum bridge discovered by Condon et al. (1993) . Some regions of the highvelocity component bridge material have a high velocity dispersion-as was noted in the spectra in Figure 3 . We will show that much of the bridge gas in the high velocity component has the excitation properties consistent with shocked gas.
Several regions also show Class-3 spectra-which means that one component is broad. These regions (color green in all the panels of Figure 7 ) are confined to positions along the minor axis of Taffy-S, and to a small region at the north-west tip of the same galaxy. We show an example of these kind of spectra in Figure 9 . Here we show how LZIFU has fit two components to the Hα profile from the nucleus of Taffy-S after correcting for weak Balmer absorption. This appears as a region of high velocity dispersion in Figure 7c and f. The Hα line profile shown is an average over a 4 x 4 spaxel region centered on the X-ray hot-spot in Taffy-S. The two components have a FWHM of 320 ± 70 km s −1 and 205 ± 70 km s −1 , with a small offset in velocity between the two.
EXCITATION OF THE IONIZED GAS IN THE TAFFY SYSTEM
We next consider the possible excitation mechanisms for the ionized gas within the Taffy system by constructing emission line diagnostic diagrams based on LZIFU fitting of each spaxel in the data cube (sometimes called BPT or VO diagrams; Baldwin et al. 1981; Veilleux & Osterbrock 1987; Kewley et al. 2001 [SII] lines in most spaxels that fall on the galaxies and bridge, whereas the [OI]λ6300Å line is detected in fewer spaxels because it is not as strong. We require every emission line used in the diagrams to be detected at the 3σ level.
In order to look for differences in excitation properties between the low and high velocity components where the lines are double, we show line diagnostic diagrams for each of the components separately (top panels a and b) in each of the Figures 10, 11, Kewley et al. (2006) . In all three line diagnostic diagrams, we plot spaxels associated with different spatial regions of the Taffy-system. The symbols shown in the excitation diagrams are labelled in each Figure  based on the regions defined in Figure 3 . For example, green points and crosses represent regions in Taffy-N, while blue points represent Taffy-S (the nuclear region is distinguished as blue diamonds). The Taffy bridge is shown as red crosses (east bridge), and filled orange circles (west bridge). Because the west bridge contains fewer points than its eastern counterpart, we also present the integrated line ratio for the western bridge as a single larger open orange circle.
The line diagnostic diagrams show that the low and high velocity components often behave differently, indicating a difference in their respective excitation mechanisms. For the two galaxies (blue and green symbols), all three sets of line diagnostic diagrams show spaxels mainly distributed within the HII, HII+AGN-composite or LINER part of the diagnostic diagram, with little hint of any pure AGN component. Much recent work has shown that excitation by shocks can resemble excitation by an AGN. Rich et al. (2011 Rich et al. ( , 2014 Rich et al. ( , 2015 showed that composite line ratios i.e., HII + AGN, can be due to HII + shocks. This is particularly true for merging galaxies, for example Rich et al. (2014) showed that merging U/LIRGS can present "composite" optical spectra in the absence of any AGN contribution, with increasing contribution from shocks as the merger stage progresses from early to late-mergers. We will argue below that much of the LINER emission, with the possible exception of the nucleus of Taffy-S, is likely the result of fast shocks exciting the ionized gas in the bridge and in significant parts of the galaxy disks. -Contour maps, overlaid on a SDSS i-band image of the Taffy system, of the moments of the velocity field. Zero velocity corresponds to an (optically defined) recession velocity of 4350 km s −1 . The top and bottom rows correspond to the low and high velocity component as shown. From left to right, the column panels show the integrated flux in Hα, radial velocity (with respect to systemic velocity), and velocity dispersion, respectively. The red polygon demarcates the boundary where we see two line components in the profiles of the emission lines. The red spaxels outside the double line boundary indicate spaxels where we see only a single velocity component. The green spaxels indicate spaxels where we see two components but with significantly different widths (i.e., Class-3; we define the three line profile classes in §4.2).
We will first concentrate on describing excitation in Taffy-N. We decided to split Taffy-N into two parts, one part covering the main disk of the galaxy and the other part covering the western extension which appears to connect with the western bridge. The emission from the main disk of Taffy-N (green points) is largely consistent with emission from HII-regions. This is true in all of the diagnostic diagrams in the low, high, and summed components. The western extension of Taffy-N shows a mix of HII and LINER emission. This is especially evident in Figure 11 where the western extension of Taffy-N falls clearly in the LINER area in the low velocity component which we have previously noted from the channel maps may be associated with the western bridge.
Next we consider Taffy-S (blue points and diamonds). There appears to be a strong mix of HII-region and LINER/composite excitation for Taffy-S in all diagnostic diagrams. Despite the fact that the nucleus of Taffy-S does not show evidence for a powerful AGN in the gas excitation diagrams, this does not necessarily preclude a low-luminosity active nucleus being presentespecially given the broader line-widths discussed previously. Taffy-S's nucleus (blue diamonds on Figures 10, 11, 12) does show some evidence of being a LINER, especially in the low-velocity regime. We find that most of the spaxels located on the nucleus of Taffy-S in the lowvelocity (V 1 ) line diagnostic diagrams are in the LINER area in the [OI] and [SII] diagnostic diagrams, and close to the AGN line in the [NII] diagram for both the low and high velocity components. However, as previously noted, the velocity difference between the two components is small (< 20 km s −1 ), with the main difference being in the width of the lines, the V 1 component having a broader width than the V 2 component (see Figure 9 ). This is consistent with Chandra X-ray observations , which showed the possible existence of a low-luminosity AGN based on the X-ray hardness ratio.
We divide the bridge into two parts (east and west) as discussed previously. The eastern bridge (red crosses) shows clear evidence of being HII-region excited in the low-velocity component. The situation is quite different Fig. 8.- The emission between the galaxies can be decomposed into two kinematically different bridges of emission, seen represented in this single channel map of the Hα for velocities 4261 /kms to 4296 /kms where parts of them both happen to appear at the same velocity. The two separate filaments are best defined by looking at the full range of channel maps shown in Figure 6 . The eastern bridge structure extends from the southern part of Taffy-N and extends down through the extragalactic HII region until eventually it merges with the south-eastern disk of Taffy-S. The western bridge extends from the north-west of Taffy-N into the bridge and eventually connects with the north-western tip of Taffy-S. The eastern bridge is more closely associated with the CO emission than the western bridge, although some clumpy regions are seen in CO even in the west (black contours are from Gao et al. (2003) , see text for more details). The raw spectrum is shown (grey solid line), as well as the spectrum after correction by LZIFU for Hα absorption (solid black line). We show the decomposition into two profiles, one with a broad lower-velocity component (blue dashed line) and a narrower slightly higher-velocity component (red dashed line)-see text. The spectrum emphasizes the importance of correcting for the continuum (driven mainly by the fit in the blue), since in this case the Balmer absorption masked a broader component in the emission line.
for the high-velocity V 2 component ('b' panels) in Figure 5.1. Evidence for shocked gas in the Taffy system We first explore the possibility that the gas is excited by shocks. We over-plot predicted line ratios from shocks on Figures 10, 11 , and 12, taken from the MAPPINGS III library of models (Allen et al. 2008) . The model line ratios are plotted for different shock velocities as solid colored lines. Based on the models of Vollmer et al. (2012) , we assume that much of the gas in the bridge and throughout the galaxies is close to solar metallicity, since the gas has been stripped from the galaxies or has been excited in situ. For the shock models we therefore assume solar metallicity. The other parameters of the models include the pre-shock gas densities in the range 0.1 < n [cm −3 ] < 1000 (stepping by a factor of 10 each time), and an assumed constant magnetic field of B=5 µG (this is close to the equipartition magnetic field strength of 8 µG measured by Condon et al. 1993 through radio continuum measurements). We have plotted only the line ratios for the shock itself while excluding the precursor component of the shock. For the moderate shock velocities that seem compatible with the Taffy excitation velocities, it may be reasonable to ignore the effect of a strong ionizing shock-precursor, as we shall discuss later.
For the east bridge points (red crosses), in the highvelocity component ('b' panels) , it is clear that the east bridge points fall relatively neatly between the solid lines for shock velocities 175 km/s and 200 km/s (green and orange lines). For the west bridge points, in cases where the points deviate from the HII-region area they are consistent with the same shock velocity, e.g., the low-velocity components in all diagrams. Thus the high-velocity east bridge component and the low-velocity west bridge component seem consistent with shock excitation for all the line diagnostic diagrams.
The situation is mixed for the disks of galaxies themselves. As Figures 10b, 11b and 12b show, there are some points within the disks of both galaxies which fall in the composite region of the diagnostic diagram. Some of these points would be consistent with a mixture of HII region and shocked gas excitation. The nucleus of Taffy-S is an ambiguous case, because it could be excited by shocks in a mild outflow, or may be gas excited by UV emission from a weak LLAGN.
The spreading of the points along lines of constant [OIII]λ5007/Hβ ratio in the high-velocity component in the bridge has a number of possible interpretations if we assume that shocks are involved. Firstly, the spread might imply that the shocks are occurring in an ensemble of gas clouds with different pre-shock densities. Such a picture is consistent with our previous observations of the Taffy bridge (Peterson et al. 2012 (Peterson et al. , 2018 where we have observed gas in many different excited phases, from HI (Condon et al. 1993 ) to warm molecular gas from the Spitzer IRS; along with the detection of [CI] and [CII] emission (Peterson et al. 2018) , and boosted values of [CII]/FIR and [CII]/PAH ratios. The existence of a highly multi-phase (and multi-density) medium is also very consistent with the detection of soft X-ray emission from the bridge. Thus it might be expected that shocks moving through such a multi-phase gas would encounter a range of pre-shock densities-which would spread the points along lines of constant shock velocity-as observed in Figures 10 and 11 especially.
An alternative explanation might be that some of the gas is of lower metallicity. As the models of Allen et al. (2008) show, reducing the metallicity of the shocked gas moves the points in the diagnostic diagrams to the left at roughly constant values of [OIII]λ5007/Hβ ratio. However, if the collisional models of Vollmer et al. (2012) are correct, the gas in the bridge should have come from many different places within the original pre-collisional disks, and deviations of factors of 100 in metallicity in the bridge seem unlikely. We conclude that it is much more likely that we are observing shocks within the bridge and parts of the galaxy disks which encounter clumps of material at different densities.
What is the effect of ignoring the possible influence of a hot shock precursor in the models? This is an effect where, in high velocity shocks, the gas in the shock is so strongly heated that UV radiation from the shocked gas ionizes large amounts of pre-shocked gas upstream of the shock. We show in Figure 13 , an example of the [NII] line diagnostic diagram, the effect of including the shock and the shock precursor (Allen et al. 2008) . As can be seen by comparison with Figure 10 the behaviour when we include the shock precursor with velocities < 300 km s −1 is very similar to the case with no shock precursor, which fits our data well. At shock velocities > 300 km s −1 the models including the shock precursor diverge significantly from these data. Similar behaviour is noted in the other diagnostic diagrams (not shown). This implies that the shock models between 100-300 km s −1 fit the bridge data well regardless of whether the precursor is included. We note, however, that in dense gas (e.g. molecular gas known to also be present in the bridge) the velocity at which a shock precursor may become important will be much lower. Therefore future modeling the molecular shocks may have to take precursor activity into account.
Alternatives to Shock Excitation: Diffuse Lyman
Continuum emission leaking from HII Regions? In a recent paper by Weilbacher et al. (2018) , it was noted that the Antennae galaxies (NGC 4038/39), like the Taffy system, also exhibit significant diffuse ionized gas emission. Although several mechanisms were put forward to explain the emission, including the possibility of shocks, the authors favor an interpretation that much of the diffuse gas is ionized by Lyman-continuum photons (hereafter Ly-C) "leaking" from large numbers of HII regions found primarily in the disks of both galaxies, as well as HII regions found within the "overlap region". Much (but not all) of the diffuse component was found close to massive star formation complexes in the system. Using multi-color HST imaging of the clusters, the authors were able to compare the luminosity of the Hα emission associated closely with a cluster with theoretical models of the Ly-C flux from the clusters to determine whether the clusters were "leaking" Ly-C photons into the surrounding gas. It was found that many of the HII regions had non-zero escape fractions of Ly-C UV radiation, especially in the center of NGC 4038 and also in the "overlap" region. Thus, for the Antennae system, it was found that the excess diffuse emission within the system could be explained as gas excited by UV radiation escaping from the clusters.
Could some, or all of the extended ionized gas emission we see in the Taffy come from similarly degraded UV light from HII regions in the disks of the Taffy galaxies that might diffuse outwards and ionize large parts of the Taffy bridge? We estimate (Table 1) that the amount of Hα emission coming from the bridge, after correcting for extinction, is similar to that from Taffy-S and roughly 50% of the emission from Taffy-N. In this case the majority of the escaping photons would have to come from the galaxies themselves, since the star formation rate in the Taffy bridge is very low. Unfortunately, unlike the case of the Antennae, we do not have multi-color high resolution images of the individual star clusters, and this means that it is difficult to perform the same kind of test that was applied, for all individual HII regions, by Weilbacher et al. (2018) . As a result, we cannot completely rule out a significant contribution to the ionized medium in the Taffy coming from leaky HII regions. Nevertheless, many other lines of evidence already suggest that shocks must be present in the Taffy bridge, and so we prefer the shock explanation for the excitation of the high-velocity component, rather than leaky HII regions. Future observations will be needed to attempt to model the history of star formation in the clusters in the galaxies, which will allow us to estimate the fraction of UV emission which may escape into the surround gas. This is beyond the scope of the current paper.
IONIZED GAS FRACTIONS, STAR FORMATION RATES AND MASS IN THE IONIZED COMPONENT
Here we describe the method that we employed to estimate a lower limit to the fraction of ionized gas excited by star-formation (as opposed to being shock excited) using the [NII] line diagnostic diagram. We use the [NII] line diagnostic diagram since it contains the most number of points. We start by defining an effective HII-region excitation area. This is shown as a shaded gray region in the [NII] line diagnostic diagrams of Figure 10 . We defined this area simply by "padding" the HII classification line (Kewley et al. 2006) by twice the size of the average error in the y-direction (the y-error being the larger error). We sum up the Hα flux in each spaxel that falls within this region. This flux is divided by the total Hα flux to arrive at the lower limit for the fraction of ionized gas excited by star-formation. This process is repeated independently on each velocity component.
The fraction derived this way is a lower limit because the other spaxels, outside of the shaded area (i.e. in the HII+AGN area) will contain emission from gas excited by star-formation, and we cannot accurately disentangle the excitation from shocks and starformation (also see text in §5.1). The lower limits for the fraction of ionized gas excited by starformation that we derived are 64% and 46% for the total, i.e. sum of both velocity components and also including line ratios from spaxels which show a single component. Each point here represents the line ratios from a single spaxel. The red crosses, green points, and blue points correspond to the eastern bridge, Taffy-N, and Taffy-S, respectively. The blue diamonds are spaxels that fall within the nuclear region of Taffy-S. The green pluses are spaxels from the western part of Taffy-N. The orange circles are spaxels from the western part of the bridge. The unfilled orange circle is the average of line ratios from all the spaxels within the western bridge. These colors are consistent with those used to denote the corresponding regions in Figures 3 and 8 , with the exception of the western part of Taffy-N which is shown as a magenta polygon in Figure 3 . The panels also show line ratios from the MAPPINGS III shock models (Allen et al. 2008 ) overlaid on the measured line ratios i.e. colored solid lines. The parameters assumed in the models are Z=Z and B=5 µG. Along each shock velocity line the points are marked by increasing number density. The classifications are from Kewley et al. (2006) . The shaded gray area around the solid black line classifying the HII-region excited gas marks the area we used to put a lower limit on the fraction of gas excited by star formation (see §6). The width of the shaded area (above the HII classification line) is twice the size of the average error bar in each panel.
lower and higher velocity component, respectively. For the purposes of the calculations of star formation rate (in §6.1) and ionized gas mass (in §6.2) we estimate the Hα luminosity, coming only from star-formation, by L(Hα) SF = 0.64 L(Hα) low + 0.46 L(Hα) high ; where L(Hα) low and L(Hα) high are the extinction corrected total Hα luminosities in the low and high velocity components, respectively.
This gives us an extinction-corrected value of L(Hα) SF = 4.99 ± 0.54 × 10 41 erg s −1 for the lower limit to the Hα luminosity resulting from star-formation for the Taffy system. 6.1. Star formation rate estimate from Hα luminosity Using the following relation from Kennicutt (1998) we estimate the star formation rate (SFR) in the entire Taffy system and the bridge region (using the entire region defined as the bridge in Figure 3 ), including Hα emission from the extragalactic HII region. for the extinction-corrected Hα luminosity coming from star-formation for the entire Taffy system and bridge respectively, using the method described previously. This translates to SFRs of 3.94 ± 1.0 M yr −1 and 0.81 ± 0.22 M yr −1 respectively for the entire Taffy system and the bridge. These SFRs agree well with our previous estimates derived from UV-FIR SED fitting (Appleton Interestingly, recent observations with the Atacama Large Millimeter Array (ALMA) show dense filaments of molecular gas, in the Taffy bridge, with little starformation in them. These ALMA observations and the overall star-formation properties will be discussed in a future paper (Appleton et al. in preparation) .
Ionized gas mass
The mass of ionized gas in the Taffy system, and in the bridge assuming Case B recombination (Macchetto et al. 1996; Kulkarni et al. 2014 ) is given by :
where L Hα is the extinction corrected Hα luminosity in units of erg s −1 , and n e is the electron density. For the bridge, from the lower limits to the ionized gas fractions from star-formation (see above) we obtained L(Hα) SF;bridge = 1.02 ± 0.14 × 10 41 erg s −1 . We also have n e =200 cm M . This calculation is uncertain because the Hα emission originates from two different processes -HII regions and very likely shocks. However, it does show that the ionized gas mass is an insignificant fraction (∼0.2%) of the total mass of gas in the bridge (∼7 × 10 9 M ; made up of a mix of HI and H 2 ). This is in agreement with with the very low ionized gas fraction responsible for exciting the [C II]157.7µm far-IR cooling line in the bridge (Peterson et al. 2018) determined from the upper limit to the detection of [N II]206µm in the bridge. For the Taffy system as a whole, using the extinction corrected Hα luminosity coming from starformation, L(Hα) SF = 4.99 ± 0.54 × 10 41 erg s −1 , we get M ion = 5.8 ± 1.0 × 10 6 M for the mass of ionized gas in the entire Taffy system. Again, this is an insignificant fraction (∼0.8%) of the total gas mass in the Taffy system.
6.3. Post-starburst populations We detect Hβ absorption lines within many spaxels on the galaxies. The spectra of post-starburst galaxies are known to be contain strong Balmer absorption lines due to their stellar populations being dominated by A type stars. Evidence of a post-starburst population is not uncommon in merging galaxies (e.g. Zabludoff et al. 1996 ; Yang et al. 2004 Yang et al. , 2008 , but attempts to measure the age of the stellar population are difficult, especially when only Hβ is observed (see for e.g. Worthey & Ottaviani 1997) . Since our spectral coverage did not include other post-starburst indices, we can only provide preliminary results here. Further observations using full UV-optical SED, better absorption line indices, and detailed modeling (e.g. French et al. 2016) will be needed to obtain a better estimate for the age for the population which is responsible for the Hβ absorption.
We measured the EW of the Hβ absorption line for each spaxel that contained either the galaxies or the bridge. The EW was measured using,
where the integral is done over the continuum subtracted absorption line fit and f cont is the average continuum value measured on either side of the Hβ line. LZIFU provides as output the fit to the stellar continuum and the nebular emission lines separately. We use the continuum fit cube to refit a Gaussian absorption line to the region centered on the Hβ absorption. The parameters from this fit then give the area within the absorption line and the average continuum is measured in a band of ∼10 spectral elements on both sides of the line. Figure 4b shows the measured EW map for the Taffy system. Relatively deep Hβ absorption (W(Hβ) > 10) occurs where there is little Hα emission. Two regions of high W(Hβ) lie in the northern and southern parts of the faint stellar ring that surrounds Taffy-S. Another region, in the south-eastern part of Taffy-N, does extend into regions where there is some star formation and older stellar populations are probably present, with the deepest absorption lying outside of the main star formation disk.
It is generally true that values of W(Hβ) of 10 < W(Hβ) < 20 implies stellar evolutionary ages for the post-starburst populations of several 100 Myr, and this would imply that there is no connection between the post-starburst population and the current collision between the two galaxies (e.g. Worthey & Ottaviani 1997) . From dynamical arguments it is has argued that the collision between the two Taffy galaxies is quite recent (approximately 25-30 Myrs; Vollmer et al. 2012) , and so the fact that the outer ring of Taffy-S shows an old population would lead to an apparent problem, because the ring is thought to have been created in the collision (Jarrett et al. 1999) . One solution might be that the ring is a stellar density wave in a much older pre-collisional system which had undergone disk-wide star formation a long time in the past.
On the other hand, there is a possible way of reconciling the young age of the collision and the values of W(Hβ). As has been shown by Levesque & Leitherer (2013) , in the case of a pure burst population, it is possible to create an initially high value of W(Hβ) which can decay rapidly on timescales of only 10 Myr if there is no older background stellar population to dilute the measurement. So one possibility is that at least for Taffy-S, if the pre-collisional galaxy was mainly gaseous, and contained little in the way of old stars, then it might be possible to add only a small background dilution to a very recent burst, to achieve the observed W(Hβ). The fact that both regions in Taffy-S lie far from the galaxy's center in a region pretty devoid of background starlight may support this picture. However, further work will be needed (involving new spectroscopy and deep multiband imaging) to confirm this "young" interpretation of the post-starburst signature.
CONCLUSIONS
Using visible IFU data, from the VIRUS-P instrument on 2.7m telescope at McDonald Observatory, for the Taffy system, we have shown the results summarized below.
• We detect widespread ionized gas within the disks of the Taffy galaxies and the bridge which exhibit very disturbed kinematics, including many regions with double line profiles and emission regions that do not follow regular rotation. Although both galaxies show velocity components that approximate gas rotation around their centers, both galaxies also show peculiar motions, often associated with gas which extends into the bridge between them. The gas associated with Taffy-N (UGC 12915) contains a major kinematic component that does not take part in regular rotation, but exhibits a high velocity dispersion and forms a narrow western bridge to Taffy-S (UGC 12914). Taffy-S, although showing the kinematics of a likely tidally-warped but regular (counter-)rotating disk, also contains a peculiar kinematic component that is associated with a second ionized gas bridge. This eastern bridge component, which extends from Taffy-N, through the region containing the extragalactic HII region and eventually connecting with the Taffy-S, is more closely associated with the molecular bridge seen previously to extend between the galaxies. On the other hand, the western bridge, which is much fainter, appears to be kinematically linked with the western extension of Taffy-N (and the western part of Taffy-S) and shows a mix of HII-region and composite/LINER excitation unlike the main disk of Taffy-N which is largely consistent with HII-region excitation.
• An analysis of the excitation of the ionized gas through diagnostic line ratios shows that a significant fraction of the emission shows a mix of HIIregion and LINER-type emission, especially in the areas where we can clearly distinguish two velocity components. The LINER-type emission is especially dominant in the high velocity component in the east-bridge region, but also over significant portions of both galaxies. We observe emission line ratios in the high-velocity component, for the east bridge and the low-velocity component of the west bridge, that are consistent with the gas being excited by shocks with velocities of ∼175-200 km/s, and a range of pre-shock densities. Such evidence for shocks permeating clouds of varying density is consistent with previous observations of the bridge by Spitzer and Herschel, where strong mid-and far-IR cooling lines are detected from warm molecular and diffuse atomic gas heated by turbulence. While we cannot rule out a contribution to the diffuse ionized emission from Lyman-continuum photons leaking from young HII regions embedded in the disks of both galaxies, the weight of evidence, from previous multi-wavelength observations of the bridge, suggests that shocks are a more likely explanation for the LINER-type emission line ratios seen in the bridge and in parts of the disks of both galaxies. Given the violence of the collision based on previous numerical models of head-on collisions which suggest that the bridge is still in a highly disturbed state, such shocks may not be unexpected.
• Strong Balmer absorption lines (10 < EW[Å] < 15) are observed in parts of the ring associated with Taffy-S (UGC 12914), as well as the south-east portion of the edge-on disk of Taffy-N (UGC 12915). The absorption lines are strongest in regions where the ionized and molecular gas distributions are weak, suggesting that parts of the Taffy system have experienced a rapid shutting-down of star formation in the past. Although Hβ equivalent widths of 10-15Å usually imply ages for a post-starburst population of 100-200 Myrs or more-a result which is not commensurate with the young age of the collision (∼25 Myr)-it is possible to reconcile the apparent discrepancy. Models show that a narrow burst of star formation superimposed on a very low level of background stars (as might be the case if the Taffy-S galaxy was mainly a gas-disk before its collision with Taffy-N) would produce a rapidly decaying value for W(Hα) which could imply a poststarburst population as young as 25 Myr (the supposed collision time). Further observations of additional absorption lines, multi-wavelength imaging and careful stellar evolutionary modeling will be needed to test this idea.
• Although there has been only weak evidence in the past for the nucleus of Taffy-S (UGC 12914) containing a low-luminosity AGN from X-ray properties , we detect line widths in the nucleus as large as 320 km s −1 . These linewidths are typical of narrow-line Seyfert galaxies. The broad lines appear to extend over 6-10 arcsecs along the minor axis. The excitation properties of the nuclear gas are consistent with LINER emission, but without higher spatial and velocity resolution data we cannot determine whether the Taffy-S nucleus hosts a weak shocked highly confined outflow from a nuclear starburst, or is excited by UV radiation from a LLAGN.
• We provide evidence, supporting much previous work, that the Taffy system has atypically low SFRs for a system having recently undergone a recent major-merger. We find SFRs of 3.94 ± 1.0 M yr −1 and 0.81 ± 0.22 M yr −1 in the entire Taffy system and the bridge (including the extragalactic HII region), respectively. Low star formation rates in this recent post-collisional remnant may result from the highly disturbed nature of the gas in the galaxies and bridge.
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